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Introdnotion -

‘ Vaen solving & zumber of problems im varicus flelis of soienso and teehmal-
oFy, 4ifficultied often arise in choosing & method for messuring feedle itgt
fluxes. Thus, for inatance, im many prodlems of atmospherie optics, a very
m;g&d 1s employet in ptotometrio analydis of very woak light in-

1] .

here sve other well-kaown methods Based on mpasuring light intemsity by
mecms of alectromsters or through the amplificstion of photucurrenty by mecis
of vaowia tubes. Practcice shows that, bscanse of their complexity, these
sethods cannot be based wpon widely veed simgle photometric apparatus sdanted
for daily wse.

he prinoiple of mltiple smplificaticn by mesas of secomdary-electrom.
waiaaicn has a8 its Dasis the oonstrustion of highly sensitive mltiplier in- i
stremnts sush as the eombination of photoslestrisally active oeibolioe with SRR X
offootive emitters, whose astion amounts €0 aplifying e oatk™i3 yhotc- R )
ourrent. The gositive results odtained recently (3,4,%) in amplcying :

cotbon mmitipliers in speciram analysis and astronomy attreoted the

atbention of many reseerch workers, and greatly revived the interest in photo-
clesaron mltipliers.
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In the mltistage secondery-eleotron mltiplier in a glass envelope
and albotromagnetic focusing suggested by Kubeiskly, a complicated Ag-0-Ce-
layer was empioyod as & cathode, and a Cu-S-Cs-leyer as an emitter in cascades.
These layers were unresponsive to temperature changes and wers efficient in
respect to secondary-electron emission.” In this type of multiplier {witk
13 stages) with a total applied voltage of 750, an y1ification of 107 ig
obtained, vhich provides gpectrcsensitivity of 1-3 H{m (amperea/lumens).

The dark current of multipliers vihg given ters varies from one
type to another within the limite of 107° ¢p 107( A. It.may be considersd
an ostablished fact that the besic caude of dark current in an multiplier
is the thermionic emission which can be considerably decressed by in-
oreasing the operating output or by cooling the cathodae (8,9).

The magnitudes of the spectrosensitivity and the dark curreant, as is
vell knowr . determine the thrashold aensitivity of the muitiplier, (The
tera threshold gensitivity moans the point at vhich the light stream pro-
duces a fink equsl to the dark current. In fact, the threshold gennitivity
is determined Ly Tiuctvatlions of the dark current.) In strieiug to improve ' °
the parameters of & photoelectron multiplier, 1. o., to lower its threshold
sensitivity, an antimony-cesium cathode was wabstituted for the Ag-0-Ce
cathiods. Among the qualities of the antimony-cesium cathode are a .ilgh
apeotrosensitivity in the vieible part of the spectrum (10,11), large quantum
ontpat (12,15), and resistaace to changes of temperature, as wsll as & low
valne of dark ourreat (14}, and high Qurability. There is oo epparent
pousibility 6f combining & Cn-8-Ca emitter end an antimony-cesium cathode
since, acoording to literaturs on this sublect, the presence of traces of
sulfur greatly lowers the semsitivity of the latter (15).

However, as a result of ths work undertaken, as msy be seen bcl.ov,‘ a
technologinal method was worked out vhich guaranteed the production of a
sonsitive cathode with a Cu-8.-Ce emitter containing sulfur.

Re, h edure

Tae procedure in obtaining aecondary-electron multipliers (having an
antimony-~ossium cathods) with a glass envelope oonsisted mainly of the
following stages:

1. Application, by chemical cooling and electrolysis, of a layer of
silyer on the inner wall of a glasw tube. The eliver layer sorved as a -
lining for the Cu-8-Cs emitter and made contact wita 15 platioum lead-fas
svldered into the glass. As a result of the deoxidizing reaction, the silver
wvas ocparated into:

ofR3(Mm, ) 7 OB+ 0ghy 205 * OgH),07+ MMEgH By04 2Ag.

2. Blectrolytis appilcation of a layer of cogpsr and treatment with
hyé&rogen sulfide. Due to the actiom of the sulfMr, a layer of cuprous sulfide
vas fo:ms® on the copper. The msastion, as is well Imown, takes place in
tvo. vays:

Ciigot By8 » CupBHEp0,
200+ E;84-302 = CooBhE,0.

3. Sealing the antimony atomirzer in the tube and degmsaing tue tude in
a vacuum apparatus under oonditions similar ~ > the well-known method of pre-
saring a laysr of photoelemhnt on glass.

. k. Application of a loosl layer of antimoay to the glass near the first
stage by vaporization cf an antimony ball, screened from the window-side of
the mltiplier, in a high vacuum (10-6 mm). The opague layer of antimony
produced in this msnner hes a metallic luster. To obtain simple antimony-
cesium cathodes, the surface of the glaass is cooled by an air curreat during
tho process uf coating with antimony.
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Tha layers {of sntimony and cuprous sulfide) are activated at a tem-
peratire of 210° C with cesium vapor which is introduced chrough & glase
bulb connsoted at the anode aide of the tube. The cesium 1s obtained by
heating a nickel sack filled with a wmixture of CsCl+Ca in a high-frequency
oven, The activating process is controlied by teking pariodic mesararsmeats
uaing & “gaard ring,” of the cathode photocurrent and "lemks" (interstage
conductivity) between the cathode and the first stage. The .source of
light is provided by an incandescent lamp (6 - § volte) fastensd to the
oathode of the tube, which is exolted only at the moment when measurements
of the photogcuireant arey mede. -

‘Activat;in_s Procedure

The properties of the inspected cathode changee according to the de-
greo of the absorption of the cssium by the antimony laysr. This is evi-
dent in the changss of the photoourrsnt and thermpelectric ourreat in time.
¥hen the point of maximum sensitivity le reached, the layer takes on a
dark red color ag the light is passed through, during which the photo-
suission remaine for somo tims at & constant meaximam magnitude. At this
point the oven is evitched off, the bulb with the excese cesium unsoldered
and, {f there ave no large "leaks” in the last stages, the secondary-
electron multiplisr is unsoldered.

The thermal smigsion of the antimony-cesiur cathode st this tempera-
turs (2109C) 1e smsll, approximately 60 - 80 times less than for an cesium-
oxide cathcde. For this reason, in contrast with the cesium-oxide cathode,
where thermal emission at the given teaperature is aufficiently large, we
were obliged, in obtaining antimony-cesium oathodes, to contral the acti-
vatiog process from the standpoint of photocurrent and not thermoelectric
emigsion. )

The well-known fact (16) of the dependence of puotosensitivity oo the
temperature of an aatimony-cesium cathode demanisi avtenticn. The photo-
sensi’ *vity of the cathode inoreased in proportion to its cooling froa
210% C to room Cemperature. At room temparature the photosensitivity was
tvo to three times greater then at 210° C.

One very interesting result was that at a given temperature, the
copper-sultide laysr in the cascales was also activated by the secondary-
olectron emission simultansoacly with the activation of the cathede. This
condition, and alev the absence of an iantermediate stage of oxidation and
partial deoxidation, simplified the teshnologlozl method of odbtaining &
photoolectron mltiplier in which the Ag-0-Ca cathode in it is replaced by
antimony-cesium cathode vhich surpasees the Ag-0-Cs only in respect to
sensitivity in the red and infrsred bands of the speotrum. Multipliers
with an antimony-cesium cathode, obtained by the methcd mentivned, were
invoatigated from the standpoint of the phaotoelectric nroperties of the
cathode and the secondary-electron emission properties of the emitters
in casocade.

Photogenpiiivity of the Cathode

Nessurement of the absolute photosensitivity 1s carried out by
{1lueinating & point {1 s om) on the surface of the cathode by un-
decomposed 11ght (2.6 x 102 1m) from an incanlencent lamp with T, =
2,348° K. As shown by Table 1, ths photosensitivity of the cathode in
multipliers varies betvesn the limite of 50 and 125uAlm. According o
Glover ard Janes (17), “he photosensitivity of an antimony-cesium scathode
to daylight is approximately two - two and cne-half times greater than tae
pactosensitivity to the light of an incandescent lamp with T, - 2,6480 K,
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Table 1

No of Miltipliers = U Bemmttivity of
{teet series) : C Cathode (in scA/lw) .

5¢
i2s
68
103
91
62
ne
68
68
101

OO -3 O\ £\

i

Ths photosensitivity of an antimony-cesiva pEotocathode, az is well
knowp, csn be greatly increassd by surface oxidation with aryges 858 at low
presgure (15,15), vhich can be dane in practive withput mich difficulty. It
ia suffioient to atate thmt MELZ, using this mothod in serial production ob~
tained antimony-cesium photoslements with s sensitivity of 125 & A/im better.

Howover, the spectrosemsitivity curve of highly sensitive photoslemsnte
differs from that of standerd antimomy-cesium Photoolements; the maximam of.
sensiivity and the xed 1imit are displaced 4 the long-wave lengthes,
vhich reeuits, as sy bo sesn from Sammer'e work {13), fram the decirease in
the cparating efficlency dne to the cxidation of absorbed coslum atoms .

4hie is aléo confirmid by the inoreass in thermiomic eaission. For this
Teanon we were obliged, for the time being, to give up the idea of increusing
the sensitivity, becauss, othervise,the gain of two or more times in the
pootrosensitivity would entail, as will be evident later, the inorease in
the photoslectron multiplier of the dark current vhioch in effect is therso-
sillsiton. pritoredias, nfeCaid ot kridwrioy ‘axtdatice Would affeot the secondary-
eleotron properties of Cu+8-Cs emitters in cascade.

Hecondary-Bleotron Xmission of a Cu-8-Cs laysr

With a viow to clarifying the seocndary-electron properties of the
eaitter in & photoelectronic mltiplier, meacurewsnta of the coefficienta
of seoondary-elestron emissicn o~ of a Cu-BACa layer fu all stages were
mdo by a yimple method. Tho aesence of the method oousisted in taking
simltaneous measurement of three alijacent ctages which were placed under
voltage. The initial elsctrons wexe photoelectrans, originating as a rosult
of 1lluminating one of the cascsies by a narrow pencil of white 1ight
(sensitivity of the Cu-8-Cs layer 2 - k_aealm).

For this purpose, in the process of plotting the curve of the emitter,
an acpertire 2 ma wide is left alang the whole length. Photoelootrans, moving
in an electric field, are rocused by an external magnetio field cnto the
neighboring stage whoae coeffioient of socotidary-electron mmission is 'mder
axanination. The secondary electroms, as thay fly out, are sollooted an
the thira stage. )

The circuit used in the measurements is given in Figure 1. By comnecting
& highly sensitive mirrar galvanometer altearnately in positions A and B,
issasurements are made of the photorurrent I¢ snd the cceresponding difference
betveen the ssoondary eleciran Ip and the photocurreut. ‘The quantity Ip - I
is & function of the msgnetic field (at a comstant interstage voltage). Thi
relaticuahlp 1s ‘Tanaferred to a curve (Figure 2), ‘an which there 10 a rects~
linear area ccrr:-sponding to the maximun value of Iz - Ig. The steady
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maximnm velnes of Iy at magnetic fields ranging from H-105 to H-120, ia
probably due to tho eomp ete focuaing of all photpelemsnie flying out of the .
iilnminated surface to the neighboring stege whose cosfficlent of escondery- ~
elaotron eslesion ia of intersst to us. In measuring photocurrent and I - ?,
the light intensity from the 1noanﬂoscsnt lamp ia kept constant at 2.6 x 10-2 im.

~ If we sssume that this proposit.lon corrssponds with the facts, the oo-
officisnt of sscondary-elestron er’"1sicn may be expressed by

(J.g ~ I‘) o+ I¢

¢

The weasured 5~ of two photoeleotron multipliers with an antimony-copinm
cathode ave given in Table 2. Az may be sesn from the table, the coeffieient
of secondary-biestron smlssion, on an average, for a Cu-S-Ce emittor during a
Buolt veloelty of ‘the inltisl elsctrons equals 3 - 3.5. If vo sseume that a
partial &iffumion of the' photoslectrons takes place duriang suoh a sethod ¢f

5 car ‘emittsr will be characterized by still higher oeerﬂ.olonts
2 uowkn-obotm emineicn. The mehod employed for ‘geconiary elsctron
Neaguresents, although ‘differing from ‘the ugual method s ‘Lo better adnpw to
the ‘oonditiozs obtnining in the utilization of the phencsisnon of asesndary-
electyon emigeiry to awplify the photosurrent of the cathode in a Fabetukiy-
type multipltor.

Table 2

[ T A—

Amplified Ko 1/3 : Amplifier No 57 Anplifien Mo 37

‘Amplifier ‘ Amplifier, T
‘Btages Stages TR o 50

I

II
I1I
I

v

VI
viI
Vinx
x

X

II
X1
XIIT

-
bl
B

WINNAM 10 & F 0\ Ut
e » ¢ o o =
*IFQHOHHG\J‘
\I\II’DI\)!D‘."O'OI\)NMV
IOZFE PEFCRR

The ocoefiicient of secondary-electron emission, as is well mown, is &
fancticn of the velooity of the initial sleotrons (in our case, the luterstage
voltage). This dersndence of the Cu-8-Cs emitter on voltage is shown in Figare
X, is coxputed by the above-asntioned formula for the caloulaticn of changse
in ia relation to voltage and, at the same fllumination (voliage-currenst
sharaoteristic).

The usv in a [hotoelectron multiplier of an effeotive emitter designed
for 13 eleotrically lmu od steges (resistance of interstage glass spaoing
being 5 x 107 to 5 x 10t ) at & Sotal of 1,000 volts prowtdes 5 to §.&
times grenter intau!.fiuuon of the cathode photcourrent. The spectro-
sensitivity at the glvez voltage reeches 30 - 45 A/lm [eic_/. Te scurce
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of light in determiniug the spectrosensitivity is aleo provided by an insan-

" descent lamp (T, - 2,845VKj.” In daylight, die to 'tha peculiarity of the
spectral characteristic of the cathode, the apectrosensitivity of the ampli-
fier will also be several times greater.

Speatral Sensitivity

Unlike the cesium-oxide cathode, the ordinary antimony.cesium cathode
possesses great sensitivity in the visible part of the spectrum.

In the speotr:m laboratory of the Institute of Physics imeni P. N.
lebedev, the spectrosensitivity curve, represented in Figure 4, vas taken
for cne of the types gf photoelectron multiplisra. The maximum 1ies in the
region of A - 4,530 A, which corresponis with the data of Gorlich (10).
The red limit lies in the region of A - 6,350 &.

The spectrouenxit’ivity of & photoslectron multipiler in the long-wave
range, belov 4,000 A, wvae oot measured decause of the strong abasorption of

the 1light by the glass envelope of the multiplier. However, thers was data
(18) on the ¢ccnsiderable semsitivity of antimony-cesium photoelemsnte in the
range closs toultraviclet also. The photoelectron multipliers desoribed may
be utilized pot only to measure visible light tui alao, by means of fluorssoent
soreen, to measurs the intensity of ultraviclet light,

Figunres 5 and & give a comparison of the curves of spectrosensitivity,
obtdined by Rodionoy (19), of two Kubstskiy photoslectron mmltipliers with
& cesium-ouxide cathode, having different dark current values. In the two
exsmples shown, the large dark currents, the maximua sensitivity in tae red
area, imd the red doundary are displaced toward the lcng-wave lengths.

Dark Currept of the Amplifier

Une of the important paramsters destermining Lhe threshold sensitivity
of a photoeisotron maltiplier 1s its dark current (more exactly, ite flmotuatios).
As 8 result of substituting an antinony-lesium cathode for a cesium-oxide
oathode, the dark current of a mulriplier with guard ring and a (ntal voltage
supply of 750 - 1,000 vulis, decreasss Lwvo or thrae times on an average (Table. 3).
The &ark current of the cathode, intensifisd by the phenom:i.on of secoadary-
elestron emission, 1s a thermoelactric curreat of tie cathode and emitter at
the first stagss.

As may be seen from the work of Rodionov (10), the magnitude of the dark
surrent of a multiplier with an antimony-cesium oathods dotermines the position
of the red limit in the spectral properties of the cathode. For a coppor-sulfide-
gesinm emitter, the red limit lles in the region of A - 11,000 X (20); compared
with woat for an antimouy-cesium cathode, it has been displaced toward the
longer waves. Heuce, by analogy it may be stated beforehand that thermal
emigalon with a Cu-8-Cs enitter is greater than with an antimscy-cesium cathode.
The therwval emission of an antimony-cesium cathode, according to the pre-
pETV data of Glover and Janes /17), sl roow :empeiature, equals 10-13
to 10-1% A/sq cm. If it bs assumed that these thermosmissicn values corre-
spoad tc the facts, the multipliers developed {with average sensitivity) wiih
an amplification of 10° (not covnting the thermcomission of the emitter at
the firrt stages) should have Jdark current of at least 3 x 10°8 to 3 x 109 A,
The area of tne cathode is equal to 3 sq cm. In reality, the dark current in
some multipliers vith an antimony-cesium cathode has & valae of 4.5 < 10~10 a
or evin less.
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Tabla 3

(A large number of the ampiifiers shovn ners ars alrsady in use in various
scientific-research organizations.) '

No of . Dark Current at Total
Amplifier Room Tempuravurs Amplificaticn Total Supply

(18%) ()
5/2 2z 3078 1z \ 750
x/5 ¥ x 1079 _ 1,000,
E/6 7x107? 7 | 1110 ‘ 750
B/S T x 1076 ' 10’ 150
E/359-1 Q5 x 10710 . 1,000
E/245 (65 x 10710 1z 10 1,000
B/267 2 x 1079 1,000
B/268 6 ¢ 10710 : 1,000
E/269 5.4 x 1077 756
B/29 2.7 x 1079 2 : 1,000
B33 4.5 x 1010 1,000

Ia our opinion; the small darl current values (4.5 x lO-lOA) in various
amplifiers probably explain the unfavorable conditions for full intensifi-
SR O~ the thamoemission cf the cathods of the emitter in the first
stages. Indwed, the position of the permenent magnet and the intemaity of
the magnetic field are selected when ansembling the amplifiers in order to
provide the greates: epoctrosensitivity when omly « part of the cathode is
‘lluminated (uneual cperating comditions). The aource of the electrems vhioh,
generally spesicing, can e cons“derably intensifisd due to ascondary emission,
is thv entire surfasce of the cathode and emitter at the first stege .

Bace, substitution of an antimony-ceaiun cathode for a cesium-oxide
cathode in an amplifier cn the ome hand, and, probably. the differsnt paths
of the curves of the interval nensitivity ard the dark current dependsnt on
the magnetic field on the other hand, will permit improverent cf the multi-
plier having a very emall dark surrent. For ccmpariscn, we give the values
of dark ourrents (at a voltage of 1.10g ~1,250 velts) of American pmlvipliers
m.uth an amplification of ~- 2 x 127 n Table 4. (As shown by Rrem's work

8), the gultililiar 1P21 with an antlsan;-»ceemm cathode has an amplification
of ~ 107, & dark current of 2 x 10"7A.; A& may be seen frum this table,

. our mltipliers, on an average, are auperlor in reger? to dark currents., In
iegard to spectrosenaitivity at the indicated voitage. our mmltipliers with
antimony-cesium cathodes hsve a constderably greater value than the BAC 931,
because of the great sensitivity of the cathode and great amplification {espe-
olally a% 1,250 volts) . The spectrosensitivity of an RCA 931 amplifier at
1,250 volts eguals 2.3 A/lm (2). ,
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To mea~ure any -2ehls light flux, it is desirabi= ‘v have multipliers
with still emaller darw’.i-rsabsy Opne of+ihe metiuia i1 credusing -the dark- .~
current .of the multiplier (to some extent) consists of conling the cathnds.

CONFIRENTIAL, 501 HUI\/I

e _ ’ ) Table 4 . ]
Type of Multiplier ' Dark Curvent {at 108 ¥
‘ tn Series) at Room
Phptotube : Temperature (18° C}
e RCA 1P21 No bk -- 6162 1.3210-7 A
o Lo RCA 1P21 Bo 3h -- 5168 . 1ar10°8 £
RCA 1P2L No b4 -- 5492 2.8x10° 8 &
RCA {no numher) : 1bxlo-8 A
RCA 931 No 59% 1.kx10-3 A

A methe® for cooling the cathode has already been employed in soms
ressarch work (8,9), in which amplifiers with cesium-oxide cathodes vere
uged. It 1g imposeidle to tell beforsband whsther cooling the cathode
will be mors effedtive Ln reducing the derk current i{m a multiplier with
ai astimony-cesium cathode, as the dark cuyrent depends nut only on the
R ) ‘ thermoemiseion of the oathode, but- also.oa ths emitter at the first stage.
5 A Cdarifying this question 1o obviously a problem (6). In experiments in

AR cooling the antimony-cesivm cathode of a2 multiplier, ir la necessary to
take into account the experimsntally established fact (16), of the re-
, S duction of its photvsensitivity (escording to linear lav) in proportior.
. ERENS to its cooling below 0° C, depending on the sharp increase of osscede re-
: A sistance.

e R TER Tais phenomenon doos not cocur ia the application of an antimony dayer on
» R the metal lining. Therefors, the application of a layer of antimony on tha

s e REIAT motal lining alio is an obvious problem in perfecting photvelectron mal-

o ) SRS tipliers. The first effort in this dirsction vae not eucceesful rince, in
the technologioal method employed, “he metal lining (silver) inoreased _ e
the dark ourrent of the muitiplier. This inorease, apparently, wvas the o i .
result of contamination of the Lining (aot excluding the poseibility of the B
forsation of a fueion or ama’s~w of the antimony with the silver) in the
proosss of oonatructing the multiplier according to the present method.

- NI A general view of a 13-stage photoelectrun mléiplier noantad on & i
pbetakiy-type base suitable for cooling a cathode is shown in Flgurd ' R
hotograph, not reproduced, but available in original document et CIA/.

Zleaks® Through Glass :

Application of a silver-layer emitter on glass, as has been already
pointsd out, 13 e dlstinctive peculiarity ¢ a photoelectron multiplier.
e el It has been established that the autimony absorbed hr these spacings to a

i ) greet degree conditions the above-menticnad resistence values. Where a
cesium-oxide layer is employed as an emitter in the stagen, the resistance
* diminishos in time because of the transference of the cesium (lateral
' diffusion) from the emitter to the glass.

- At presont, in photoelectron maltipliers with Cu-S-Cs emitters, the
. : resistancs rozains constanc, that is, the above-mentioned phencasnon 3ves g
not take place. Neverthelsss, the resistacce of the apacing between the ) o B ¢
K last stage and the anode 1s not large enough to limit the poasibility of e
R moasuring rery feeble light fluxes. Thus, for insiance, in care of re-
sistance oqualling &.5 x 1091 (the lovwer limit) at a voltage of 5C volts,
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the lsakage through the glass onto the anode is ﬁprozimatelyl x 10-8 A, R ]

thes 18, greater and, in some cases, commensurate with the value of the dark .
current (multiplied thermionic urrent) of the photoelectron multiplier,

This ciioumstance farced us to introduce a cooling ring, representing
& narrov stage, the area of which was very smail in compariscon with the
anode, and to increage the widtk of the glass spacing between the cooling ring
and the amde, This led to an icrease in resigtanse. The introduction
of thig sooling ring {sn additional stage with an applied potentisl oqual
to the potential of the anode) does mot afford measursments for' losses in
secondary elsotrons within the limits of errcy .that is, the reductiom of
spestrosensiiivity; it simply eliminates the l.aks through the glaga be-
tween the last stage and the amode, (In measuring very feeblp light
streems the procedure is to use supplementary tube amplifiers with a large
input (grid) resistance. ‘In much cases introducing a cooling ring into the
miltiplier does not solve the prodlem. Bence, the next question is the
problem of incresaing the glass spacing when canstructing miltipliers with a
sealed-in anode.)

The solution of the problem of the combination of an antimony-ces fun
cathode with a copper-sulfide-emsm emitter permits a great lmprovement in
the paramoter of a photoslestron multiplier, that ia, in the comstruction
of & highly sensitive apparatus required to msasure & fesble light flux, At
present, there are 15 such photoslestran mltipliere in uss in varioue
scgintific-research organitaticna. Thus, for axemple, they are being wsed at
the Inetitute of Phyzioe imeni P. X. Lebedsr far oxperiments in photometry
on weak spactrun lines; and for the study of phemomens of luminescence {23)
and of polarizstion of light. (Sons results obteined by a special analysis
laboratory for the use of photoelectron mltipliere with antimony-ossivm
cathedos wrre reported in Docember 1946 at the Conference on Spectrum

Anolysis (2k),

. Fecide the qualities of amltipliers mentioned above, another important
advantage in working with them previcusly taken up in Rodicnov's article (19)
is their freedom from interference; that is to say, the multipliers do not need
to be ahiieldsd from electrostatio or elsctromagnetic interfersnce. The per-
formsnce of the mmltiplier is not altered by the ume of a high-~prver spark
discharger as & esource of light, located a short distance from it.

Lovw-Voltage Amplifiers

Owr standard photosleotrom miltipliers designed for operation st
750 = 1,000 volts camnot be smplayed (vithout altering the apparatus)
in talking pistures because of the low-power output and high-supnly voltage.
In talking pictures, as everyone knowm, the cuwrremt of the photoelsment 1s
intensified by the employramt Of exciting lamp systems. As the lamp systems
are the main sourse of sounds,the obvious solution, fcrmelated at the All-Uniom
Conference on Cathode Phencmans in & Vacuun and in Discharged Gases (27°) R
ia the replacement of various vacuum-tube amplifying stages by small,
oascads Jow-voltage mltipliewts vith antimony-cesium cathodes. We have already
obtained some types of such miltipliers. At 350 volts, their spectrosensitivity
is oqual to 5 - 10 mA/la. A ciwple oalculation shows that tho interval
sensitivity of such mltipliers may bde insreased by greater precision in
technology, whioh is the next step in the preesnt work.

A photogreph of a low-voltage mmltiplier with a scoket bas. is shown in
Figure 8 ‘{l-wt reproluced it available in original document at (IA/.
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In oconclasion, I conslder 1t ay duty to express my gratitnde to g
Adafenidian A, A, Isbadov and to L. A. Kabetskiy, Candidate ia Technloal
Bielomwes, for their valuable advice aod comstent lnterest in this tork,”

énd ales to Technioian N. D. Gritskovioh for tesbmical ald in mounting
ths mmltipliere on & bass. )

Coselasiens |

1. M"mlmﬂol bag hoon given of the possidllity of ommbining
an aatisgay-cosiun ocathode and & oopper-suifide-ossiom smiiter on &
glass layer i3 & photoslesires mltiplier. »

. %. & method has Deen werked out for obtaiming mltipliers with a
high degroe of cenaitivity im the visible reglon of the spectrum, vith -
iow dsrk enrveute (om a2 averege one half to ome third of tbat of mlti-
pliers with cesium-cxide cathodss).

3. An ezslysie has besn mede of the photosleotile properties of a
sabthied® aud of the sevoadary-eleotron propertics of meaitier in the
maitipiier stages. _

b, BSaxples have besa malo of gmall cesesds (lov-voltage -- 330 volts)

mltl.)u:!l vith aik entimsay-oesiun cathsfe, haviag @ total amplificstiss
of @ 2 10%,
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